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Steady State Model
Program Overview

Idealized system ' Solution strategy
consists of the : consists of :

— Liquid Zone Internal Heat - Heat Loss
(Bath and Metal) =0

— ~olidified Ledge standard Newton
Raphson algorithm

Process Model : Heat Balance E quation
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Internal Heat

® FEvaluated by computing the voltage break
down:
— Bath Composition
— Bath Resistivity
— Bath Liguidus
Current Efficiency
Bath Voltage

Electrolysis Voltage
Equivalent Voltage to MMake Metal
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Global Heat 1.oss

® Four surfaces are defined for losing heat:

Anode Panel

Cathode Panel

Freeze Adjacent to Bath Layer
Freeze Adjacent to Vetal Layer




Choice of Root Search "Variable"

® Any of the following parameters can be selected as the "variable™ of
the root search algorithm :

- Amperage of the cell - Length of the anodes

- Anode to cathode distance - Width of the anodes

- Concentration of excess AlF, - Heat loss of anode panel

- Concentration of dissolved Al,O; - Anode voltage drop

- Concentration of CaF, - Length of the cell cavity

- Concentration of LiF - Width of the cell cavity

- Concentration of MgF, - Heat loss of the cathode panel
- Height of hath - Cathode voltage drop

- Height of metal - Cell operating temperature

m——————— s (S INERIN




Example of Application

ARC/DYMAMIC - Steady State Solution

- Comvergence Criterfia ——————————————

Exit ARC/DYMAMIC
 Percent difference between Qin & Qout

x - :
="y Solution convenged after 3 kerabons.
[~ Abzolute difference betwesn Qin & Qout |1 5 W '“""’ .;l_k.) ZABS(On-Uout] 002726002, Tol=1e-006
z [t

[™ Percent change of the target variable |01 I "R Caleudsted value of ACD= 49951 cm
_Print.. | Average A0 feading rate = 1778 ka/ht

™ Absolute change of the targel variable dveiage AF 3 leeding ale = 112377 kot
M.axi R A . Tergal cel rezistence = 8. 7342 micre-Ohm
Aelaxation Factor [<=1]

CALOSOL
CCAF
CELLAMP
CLIF
CHMGF
HBATH




Example of Application

ARC/DYMAMIL : Steady State Solution

Convergence Ciileiia

| ¥ Percent difference between Qin & Qout  [1.e-006 | %
T Absolute diff between Qin & Qout |1 i
e it L = . % Solution convesged after 3 iterations.

I™ Percent change of the target vanable |1| -2 g AABS QD out)=9 B5E Be-016L Tal=1e006
[ Abzolute change of the target variable [0.3 kA Caleusted value of CELLAMP= 323,253 k&

| . : dwerage AL fesding 1ale = 132 5 kafta
M aximum number of iterations | i Average AIF3 feadng rate = 113056 kahi
Relaxation factor [¢=1) I:; Taiget cell ietigtance = 7 EEFY micio-Okim

E Lizt of Variables

Hame

ACD

LAaLFEX .

CALOSOL E CELLAMP [kf) E
CCAF e
-CELLAMP 300 Valwe: 300 ]
CLIF
CHGF escrpltion ... el |
HBATH 20 R get
HFETHFRZ &S0




Monte Carlo Input Parameter Distributions

Momnal distri btion Rarnp O stribti on

Poiz=on Distribution Liriform D stribution
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Analysis of Dynamic Response

i ARC/DYNAMIC - CIM96 DYP
Fle  Attobagesz Eguastions  Submodal: Control Bunm List Plot Yew Help
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Dynamic Temperature Distribution

Mesan: 974 39 °C
St Dew: 133 °C




Dynamic Dissolved Al,O; Distribution

Mean: 201 %
St Dew: 025 %




Dynamic Excess AlF,; Distribution

Mean: .63 J
Sted. Dew: 010 %




Analysis of Dynamic Response
EME!DTHAHIE - CIM36.D%P i B
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CE [*%] : Current efficiency

r r

JAVARYA
VU

r T L

9.4

SO WP P TP S ISR PR v ey PR WS S EPPN LY P S

CENERGY [KWh/kqg] : Cell energy consumplion
T L] L] 4 ] TR ¥ J 1 T L§ ¥ L 1

\

] i i i i i L] i i i i i i i i i i

TFRZBTH [m] . Average thickness of freeze adjacent to bath

lime [days)

Faor Help. press F1




Dynamic Current Efficiency Distribution

hMean: 91.79 %
Stel, Dy 024 9%




Dynamic Energy Consumption Distribution

Mean: 13.85 kwhikg
=td. Dev. 015 kwhik




Dynamic Freeze Thickness Distribution

b ean: 0.04304 m
St Dev: 0.00269 m

I:I T T T T T T T T -
0.054 0.0356 0.0355 0.04 0.042 0.044 0.045 0.045 .05 0.052




Analysis of Dynamic Response
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Dynamic Solution
Heat Loss vs Internal Heat




Example of Monte Carlo Input Distributions

B CO gt 06 =tribation BEiceszs AlFy Input Distrbokion

[£-1] 2085 an T DaXEE
d. beu.:00OSam [=d . Dew.: 0100 %

Oizzclved AleOa Input O stribetion
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Monte Carlo Output
Temperature Distribution

Mesan: gyd 22 °C
Stod . Dew: 1.03°C




Monte Carlo Output
Current Efficiency Distribution

Mean: 91 74 %
St . Dew: 019%




Monte Carlo Output
Energy Consumption Distribution

Mean: 13.81 KwWwhikyg
=td. Dev: 011 KWWhikg




Monte Carlo Output
Freeze Thickness Distribution

M ean: 0.04404 m
Std. Devy: 000402 m




Sensitivity Study Input Distributions

Amode Woltage Orop npdt OV =triboti on Cathiode Woltage Drop input O =tribti on




Sensitivity Study Output
Temperature Distribution

Mean: Qy4.23°C
Sto. Dew:  1.07 °C




Sensitivity Study Output
Freeze Thickness Distribution

M ean: 0.04405m
Std. Dey: 0.00419 m




Summary of Qutputs
Distribution Results

Crynamic Monte Carlo Sensitivity Study
Mean Std. Dew, Mean St Dey Mean Std. Dew,

Temperaturg]l 874 349 1.35 974 22 1.03 974 .23 1.07

CE 91.79 .24 91.74 .19 91.74 0.14

kasihifkg 13.85 0,15 1387 0.7 1381 0.7

Frz. Thick. 4.304 (. 265 4.404 0402 4405 0419




Conclusions

An enhanced program has heen developed to model the steady state hehavior of
reduction cells.

The program can be used to perform Monte Carlo analysis by assigning
probability functions to input parameters.

By using input parameters distributions that mimic those obtained from
dvnamic analysis, it is possible to use a Monte Carlo analysis to reproduce
output dyvnamic analysis distributions.

By adding input distributions for design wvariables, it is possible to perform
design sensitivity analysis or risk assessment analysis.

The effect of a &+ 3% accuracy on design parameters was demonstrated to have a
minor impact on the obtained output distributions.
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